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~ ABSTRACT

_ThiS'report,summarizes‘ﬁhé‘achievements of two years of

weighc reduction and performance improvement efforts on the
Saturn S-IVB Stage, which resulted in Saturn payload capability
improvements of»more'than 5000 pounds on the Saturn IB and more

rnan 6000 pounds on the Saturn V.

'DESCRIPTORS
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. PREFACE

The purpose o.f‘t';his report is to summarize the results

- of the Satu;__S—IVB augmented Weight Control Program. This
is the twenty-first and last report of this type to ‘be pre-
‘pared in compliance with .Supplemental Agreement 570 to
‘Contract NAST-101.
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 SECTION I

1.0 INTRODUCTION AND SUMMARY

Through the combined efforts of the Douglas Aircraft Company and NASA/MSFC,

a two year augmented weight control program was implemented on the Saturn,
5-IVB Stagé. As a result of design improvéments stemming from thié préé?;m,
the operational Saturn IB payload capability was increased by 5,&52 pounds,
and the operational Saturn V payloéd capability was increased by 6,299 pounds.
In éddition, numerous studies were initisted as a result of ‘the augmented
weight control progrem providing the means for even greater payload improvef
ments, which are available in the event that follow-on Saturn programsyrequire

improved payload capability.

It is the purpose of this report to summarize the acblevements of the augmented
welght control program, and to briefly describe, for future reference, potentlal

payload improvement ideas which have not been implemented.

1.1 The Teamwork Approach

-

As a result of unfavorable weight growth problems on the Saturn Program, in
mid 1964 Douglas was directed to study means to improve>vehicle payload
capability, and to propose to NASA those improvements which were consistent

with overall program objectives. This effort was to continue until mid 1966.

Wherever possible, within the constraints of funding, schedules, and speci-
fication requirements, Douglas implementéd design changes for payload improve-
‘ment within the scope of the basic contract. These improvements, highlighted
in Section 1.2, resulted in payload gains of 938 pounds on the operatlonal
Saturn IB and 932 pounds aon the operatlonal Saturn V.

Where design changes for psyload improvement were clearly outside the boundaries
of funding, schedules and technical constreints on Douglas, NASA/MSFC directed

such changes through appropriate modifications to the contract. These changes,

&

&




It was this unique combination of government industry teamwork that resulted

5-IVB Stage.

 Qutstanding among these chenges are operational telemetry (1,835 pounds on V,
1,686 pounds on IB), continuous venting (1,888 pounds on V) varisble EMR

highlighted in Section 1;3, resulted in payload gains of k4,514 pounds on

the operational Saturn‘IB_and 5,267 pounds on the operational Saturn V.

in aggregate payload gains of two and one-half tons of payload on the Saturn

1B and three tons of payload on the Saturn V through impfovements in the

1.2 Highlights of DAC Implemented Charges

DAC implemented.design improvement chaﬁges on the S-IVB resulted in payload'-
gains of 938 pounds and 932 pounds on the operational Saturn IB and Saturn V,

respectively. Outstanding smong these changes are improved internsl insulstion

(517 pounds on both IB and V), removal of lesk check (190 pounds on V, 165

pounds on IB), removel of insulation on ambient helium bottles (158 pounds on
V) and elimination of two cold helium bottles (205 pounds on IB). Tables 1-1
and 1-2 and Figures 1-1 and 1-2 provide a listing end grephic presentation of

these and other spplicable DAC implemented design improvement changes. In

addition, brief technicael descriptions of each change may be found in Section TII.

%

1.3 Hightlights of MSFC Directed Chenges )

MSFC directed design changes on the S-IVB resulted in payload gains of 5,367

pounds and 4,51k poundé on the opefational Saturn V and Saturn IB, respgctively.

(2,010 pounds on IB), cryogenic repressurization (925 pounds on V), and time

delay of depletion sensois (530 pounds on both IB-and v). Tables 1-3 and 1-4
and Figures 1?3 and 1-4 provide a listing and grephic presentation of these

and other spplicable MSFC directed changes. Tn addition, a brief description
of each change.may ve found in Section ITI. Note that the estimate of payload

‘gain résulting from variasble EMR (Tsble 1-4) has been revised from previously

published values as & result of more refined analysis.

1.4 Weight Consciousness Progrom

When the sugmented weight control program was initinted, it was recognized

~thet éffective'wéight control is achieved through the ‘efforts of many people,

end that.paylosd gains scnieved through difficult and costly redesigns




could be lost if everyone connected with the design and program mansgement
of the Saturn program was ﬁot made aware of the importance of welght control.
As a result, a weight consciocusness program was initiated, utilizing cclor-
ful and attentiqn—getting posters and charts, with the two-fold objective

of (1) highlighting the importance of weight control, thus‘encouraging
designers to "think light” and avoid unnecessary welght growth, and (2) to
encourage and stimulate ideas Wthh could be 1ncorporated in the weight
reduction study effort.

Examples of materials used in the weight consciousness program are contained
in Section II of this report.

1.5 Weight Reduction Study Effort

A continuous two year weight reduction and performance improvement atddb
effort was initiated in July 1964 conduc{éd by design specialists in the
appllcable engineering areas. In addition, a Monthly Weight Control Status
" Report was initiated to reflect the results of this study effort. This
being the final report in the series of reports designed to document the
results of the study efforts, a brief description has been provided in
Section III of all studies previously reported, including implemented design
improveﬁents. | -
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DAC AUTHORIZED WEIGHT REDUCTION AND FERFORMANCE IMPROVEMENT ACHIEVEMENTS

TABLE 1-1

S-IVBAY
501 & 502 503 504 & Subs f
Item Description Authority Date DS | PG DWS | PG NS | PG DS | PG VIS
5 Improved Internal Insulation| Internal | 8-1-64 517 | 517 | 517 | 517§ 517 | 517
Paper .
6 Remove Leak Check Letter* 8-1-6L 190 | 190 | 1907} 190 § 190 | 190
#43-860-K010-k.20.6-L-41 ‘ ’
7 Remove Ambient Helium Internal | 9-10-64} 158 | 158 | 158 { 158 { 158 | 158
Bottle Insulation Paper ‘
35 Zero Gravity Liquid-Gas internal 1-22-65 17 17 17 17 17 i?
" Separator . Paper ‘
25 Bus Connector Redesign WRO-575 6=l 65 ——— | —— 13 13 13 13-
9 Low Density Electronic WRO-8L0O T=23=65 | ~ee | =w= 35 35 10 10
Encapsulating Materials '
114 | Reduction in Skin Splice DAC DWG | 1-16-65 6 6 6 6 6. 6
Material on S-IVB/V Aft 1A39295 ,
Skirt
28 Electrical Wire Clamps WRO-786 7<10-65 | we= | === 21 21 13 13
39 | Redesign Electronic Equip- | DAC Sept. 32 | 32| 32| 32 8 8
ment Mounting Panels Dwgs . 1965 : '
TOTAL (Last Report) 920 | 920 | 989 | 989 | 932 | 932
Ho change thils report
DWS = Dry Weight Savings (1b.) .
PG = Payload Gain (1b.)




1800

1600

POUNDS

1400

1000

800

- 600

400

200

2000

N__-_—_“_G

DI

TRy

NN

' ~ LEGEND:
N B
ZA ‘/// \//2% " REPORT
7 .

L PAYLOAD GAIN

L DRY WT SAVINGS |

O TMT,y,syss:s

/ VUL
201 208 6 207
THRU | &
204 SUBS

EFFECTIVITY

Figure 1-2. Douglas Authorized Weight Reduction and Performance
Improvement Achievements, S-IVB/IB

g GER  GER BN AR




DAC AUTHORTZED WEIGHT REDUCTION AND PERFORMANCE IMPROVEMENT ACHIEVEMENTS

TABLE 1-2

- S-IVBAB
_ 201 # 204 20 - 206 [ 207 & Subs
Ttem Description Authority Date - DS | PG s | PG DWNS | BG DS | ¥G Tr!S
5 Improved Internal Insulation | Internal 8-1-64 517 | 517 | 517 517§ 517 {517 {517 |517
: : Paper ‘ . .
6 Remove Leak Check Letter* 8-1-6k4 165 {165 | 165 165§ 165 {165 {165 {165
- | #A3-860-K010-4.20.6-1,-41
25 Bus Connector Redesign WRO-575 6-L-65 el T P R B 13 | 13
9 Low Density Electronic WRO-8L0 723650 woe |mme § ean PR T L e 9 1 9
Encapsulating Materials
28 | Electrical Wire Clamps WRO-786 7-10-65] --= |--- | 11 1) 11| 1| o1 | o1
39 Redesign Electronic Equip- DAC Sept. e 18 18 18 | 18 18 18
ment Mounting Panels Dwgs . 1965 ‘
L Elimination of Cold Helium | WRO-086A 11-24-64 123|205 }123 205
Bottles on S-IVB/IB - :
TOTAL (Last Report)’ 682 |682 | 711 | 711 | 834 |016 | 856 | 938
No change this report
e e e e -
DWS = Dry Weight Sgvings (1b.)
PG = Paﬁoad aino?lb.% ’
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TABLE 1-3

MSFC AUTHORTZED WEIGHT REDUCTION AND PERFORMANCE TMPROVEMENT ACHIEVEMENTS

S-IVB/V
501 502 503 504 & Subs
Ttem Description Authority Date DWsS | PG DIS | PG DS PG TS PG T3S PG
2 Cbntinuous Venting s/c 1221 | 5-26-64 | 526 [1888 | 526 1888 5026 (1888 | 526 | 1888
L Propellant Tank‘Operating s/c 130k | 5-29-64 } 175 | 125 | 175 | 125 175 | 125 | 175 125
" Pressure Reduction : = ' :
8 Time Delay Depletion Signal | S/C 1376A 10-1-64 0 | 530 0o | 530 0 |53 [ © 530
18 Decreased Chem-Miiling | s/c 1312 | 11-1-64% | -=- | --- 89 89 89 89 89 89
Tolerances
17 Operational Telemetry (with ECP X132 £-3=65 | wmm | mmm | e | e | mmm | e 1865 | 1835
out FM/FM "Add-On" Kit)
154 | Structural Modifications for | ECP X126 9u21~65 | <em | mmm | m=- | o= | =25 |25 | -25 | <25
Cryogenic Repressurization
15 Cryogenic Repressurization ECP X181 [12-15-65 | === | === | === | --- 1821 |932 |81k 925
TOTAL (Last Report) 701 PBsk3 | 790 p632 ;586‘ 3539 [3ubh | 5367
No change this report
WS = Dry Weignt Savings (1b.)

PG = Payload Gain (1b.)
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1

. TABLE 1=k

TMPROVEMENT ACHIEVEMENTS

MSFC AUTHORTZED WEIGHT REDUCTION AND PERFORMANCE

S-IVB/IB
, : 201 - 203 e 205 206 207 & oubs
Ttem Description Authority Date s | PG DS | PG DWS | PG s, | PG s | PG
: & ‘
3 | Variable EMR s/c 1207 | 6-2-6h -5 |1700| -5 |1700| -5]1700} -5 1700 -5 {1700
L | Propellant Tank Operating s/C 1304 | 6-29-64 | --- | --- 175 | 200]| 75| 200} 175| 200 175 | 200
Pressure Reduction
8 | Pime Delay Depletion Signal | S/C 13764 10-1-64 | --- | === o | 530 6] 530 o] 530 ol 530
18 | Decreased Chem-Milling s/c 1312 | 11-1-64 | -== | ===} --= | ===} 77T 89| 89| 89| 89
17 | Operational Telemetry (with | ECP X132 6-3-65 | === | === | -==-| ---] 272k 1686 | 1724 | 1686 | 1724 1680
out FM/FM "Add-On" Kit) ' :
15A Structural Modifications for
| Cr__zenic Repressurization ECP X126 | 6-16=65 | -=-- ———| ——- SN IESUNNU I B B -1 -1
TOTAL (Last Report) -5 | 1700 } 170 | 2430 | 1894 | #1216 | 1983 4205 | 1982 |L20k
3' | variable EMR 310 310 310 310 310
_ i .
TOTAL (This Report) -5 |2010 {170 2740 {189k LL26 | 1083 | 4515 | 1982 |Ls1k g
%§§ = Dry Weight Savings (1b.)

Payload Gain (1b.)
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SECTION IT

WETGHT CONSCIOUSNESS PROGRAM

The '"weight consciousness" program was initiated in September of 1964 to
emphasize, by various types of communication media, the importance of weight
zontrol at all levels of Engineering and Management. Design goals, Figures

2=1 thru 2=k, have been prominently displayed in the Design Departments.

are displayed throughout the area. The design goals are updated and revised

as necessary each month. Ilew posters also are displayed monthly.

In addition, multicolor weight consciousness posters, such as shown in Figure 2-5

13
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SECTION IIT .

" WEIGHT REDUCTION STUDY EFFORT

3.1 Sumary ;

The Douglas weight reduction and performance study effort was initiated

to investipgate "means” to reduce the S-IVB Stage weight and/or improve its

o flight performance. These means to reduce weight and/or impfove per formance.

were introduced as study items and studied until implemented into the design

or discontinued.

3.2 Organlzatlon

Table 3-1 summarizes the final status of each welght reductlon and Derformance

'lmprovement item, including a notation as to whether each item has been

1mplemented, discontlnued, or is still under study.

Following Table 3-1 are a series of brief descriptions of each study item.
Since this is the last report of this type, descriptions are given of all

items regardless of whether they have been discontinued, implemented, or are

‘ still active. : -

In addition, an index of all previous reports has been included at the end
of this section to facilitate reference to prior reports which may contain

more complete data on each study item.

-
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. TABLE 3-1 ‘
SUMMARY STATUS OF WEIGHT RuDUCmION AID PERFORMANCr IMPROVEMEH” ITEMS

' SEQUENCE* OF

ITEM ~ DESCRIPTION .' | © STATUS CONCLUDING REPORT
1 Prcsﬁurant.Heating ' ' Diséontihued ‘ ~7 |
2 .Continuous Venting - , . Implemented 0
3 ’Varlabﬁe EMR N ‘ | o Imblementcd’ 0
L Propelldant Tank Owcrat*ng Preosurc Reduction o v implementcd ) 0
5 mproved Intern Tnsulation : - ; | Implemented 0
X Rerove Leak Check o ' o . Implemented C
>7 ‘ Remove Ambient Helium Bottle Insulation : Implementéd' 0
8 " Time Delay Depletion Signal , , e Implemented 0
9 Low Density Electronlc Encapsulatlng Materials ~ - Implemented : ¥ 10
10 Minimum Weight Attaching Parts ~ Discontinuea 16
11  Reduction in Skin Splice Material o ~ Discontinued ~' { ‘ 12
Skirts and Interstage ' ' » s .
11A . Reduction in Skin Splice Material on S'-IVB/V'Aft' ' Implemented 10
' Skirt : : ~ B L
12" Minirmm Weight Core Foam for the LHp Lank n : ,, ’1 TZscontinued 1L
Internal Insulation S
>13 ' ;  Solid State Sequencer - i Discontinued ‘ 11
SR "In Place" Welding or Brazing of Tubing S f’jﬁ Discontinued Y 31, :'10
15 = . Cryogenic chressurizationv . o - “i - Implemented  ,  ,_ ,k 12
15A- Structural Modifications for Cryogenic »;' f:[“ Implemented  ; A   : " 10
" Repressurization A ’ ' c S
16 ~'TrajCctory4thiﬁization v e Discontinued A
T ' Opcrational>?clemetry | o _ i T Implcmcntcdi k  ‘-';yA. 7k& 10
13  Decreased Cheﬁ4Milli38 Toléranccs = ' &:- - Implemented oy i b
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TABLE 3-1

(Cont'd)

SUMMARY STATUS OF WEIGHT REDUCTION AND PERFORMANCE TMPROVEMENT ITEMS .

DESCRIPTION

Termo-Conditioning Panel Improvemc

Aluminum Tubing and Flttlngs for the
Hydraulic System

Use of Lighter Weight Material in
Hydraulic System‘Accumulator

‘Material Substitution for Propulsion

System Tuting

Uire Weight Reduction

5ize Reduction of Copper Wire in

E/E Equipment
Welded Module Packaging Redesign

‘ Elegtrical Bus Connector Redesign

Use of Color=-Coded Hookup Wire

Miniaturized Instrumentation System
Flectrical Wire Clamps | :
Reduction of Forward ‘Dome Internal Insulatlon

Stringer Redesign On Skirts and Inters tage

. Redesign of Aft Skirt Air Conditioning Duct
Chemical Milling of Skin oectlons on Sklrts

and Interstage

' Combination Check Valve and Inotrumentat1on
Mount - LHz and LOp Chilldown Return ‘

LH2 Non Propuls sive Vent
Zero Gravity quu1d~Gao Separator

Alternate Adhesive for the  Common Bulkhead

STATUS

Discontinued

Discontinued
Discontinued
Discontinued

Discontinued

Discontinued

- Discontinued -

;Implementeq

. Discontinued

Discontinued
Discontinted
Implemented

Discontinued

Under Study

Disecontinued

Discontinued

Undér Study

Tmplemented

Discontinuel

SEQUENCE* OF

CONCLUDING REPORT

11
5

10

11
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. TABLE 3-1 (Cont’'d) |
SUMMARY STATUS OF WEIGHT REDUCTION AND PERFORMANCE IMPROVEMENT ITEMS

o SEQUENCE* OF
ITEM ° | DESCRIPTION | . STAMUS  CONCLUDING REPORT
37 Redesign Common Bulkhead . o Discontinued ‘ 18 -
38 Use of Beryllium-Aluminum Alloy for Skins . Discontinued 18
o and Doublers of the Skirts and Interstage , : ; '
35 - Redesign Electronic Equipment Mounting Panels - Implemented 2
ho Redesign Mounting Bridge, Ullage Rocket : Discontinued - ‘ 13
. Fairing Assembly S ‘
41 S-TVB/V Aft Skirt Skin Thickness Reduction ~  Under Study
414 | S-IVB/V Aft Interstage Skin Thickness Reduction Discontinued 1l
42  Reverse Flow Engine Chilldown System . B Discontinued : n
' L3 " Redesign Transducers and Mating Parts ‘  Discontinued )  " . 13
from Conoseal to MC Design : S :
Ll Elimination of Cold Helium Bottles on S-IVB/IB = Implemented | 14
Ls . Reduction of Retro-Rocket Shock Factor k e ‘Discontinued** » :
- k6 . LHp Cylinder Weight Reduction ' ji, ‘ - Discontinued*¥* -
hy * Ordnance Thruster Separation System '  Discontinuei®* |
48 ~ Passive Thermo-Conditioning System o » S Discontinued 17
b9 Relocation of Cold Helium Bottles on S-IVB/TB  Discontinued 18
50 ‘ Surface Finish Change on S-IVB/V ';" ké§ ,k Discontinuec# SR
51 . Air Spring Separat;onlSystem ‘ SRR Discontinued*
52 Reliability Approach to Structural Design Factors Under Study

*See Index (O = Action prior to first report)

#HPhis Report




3 3 TItem 1 - Pressurant Heatlng

This 1tem‘proposes to improve paJload capablllty by increasing the efflciﬂncj
of ﬁhe fuel tank pressurlzatlon system which co?31sts of tapping off GHp

from the J=2 Englne and feeding it to the fuel tank ullage space during

‘ pawered flight

fThis is accomplished by using the J-2 Engine heat exchanger for additional
fuel tank pressurant (GHp) heating. Hardware changes would include connecting
the Jd=2 Engine heat exchanger in series with the fuel tank pressurizatién
éontrol moduie, providing s bynpass‘linelwith an orifice in parallel with

the heat exchanger and control module, and providihg inlet and outlet
aonnectionsymn the HRocketdyne Cusﬁomer Connect Panel.

The amount of fuel tank pressurant (GHQ) required is réduced'dué to the in-
creased temperature df GHo, which decreases its density, thereby reducing
residﬁal gas weight by approximately 154 pounds for S-IVB/IB and 135 pounds
. for the S-IVB/V. The associated hardware changes would amount to an esti-

mated dry stage weight increase of 30 pounds.

3.4 Ttem 2 - Continuous Venting

This item.consists of changing the vent system from a cyclicAvénting to a

'continuous venting system. These systems provide for propellant settlibg
and orbital venting of the propellant tanks. In order to help understand
the change from cyclic to continuous venting systems, a brief description
of each system follows: ‘

Cyelic Venting Systenm

The cyclic venting system is based on venting of the propellant
tanks only upon demand. During most of the orbital coast period,
the tank vent valves are closed and no attempt is made to control
prapellant orientation. When the fuel tank pressure rises to

a certain level, a vent cycle is initiated by a pressure switch.
The propellants are first settled at the aft ends of the tanks

by means -of ullage rockets. The wvent valve is then opened
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prneumatically for a fixed amount of time and the tanks are blown
down through propulsive'nozzles, which permit shutdown of the
ullage engines. JUSt‘prior ﬁo restart, the propellants are again
" settled, using the ullage rockets, and‘the propellént'tanks are
blown down and repressurized with helium in order to,meetyengine;

Net Positive Suction Head (NPSH) requirements.

Continuous Venting System

io'The continﬁbus,venting.systém is based on ventihg of the propellant
tanks continually during the orbital cQast period. At firét burn |
‘-main ehginéuéutorf, two axially directed 70 pound thrust engines
-located in the APS modules burn for 50 seconds to insure that the
: propellants are settled before the continuous ventlng is 1n1tiated
‘ Once initiated, contlnuous ventlng operates until engine restart.
The thrust f{rom the continuous vent system is directed axially to
provide approximately 2 x 1072 g forward accelerétibn to keep the
propellants settled. This‘system will assure that the propellants
~will be settled for engine restart and wili resuit in a reduction
in propellant boiloff.’ The reduction in boiloff is due to ha&ing
the prppellants settled and not "free floating” in the tanks, which
would allow & greater heat input through the tank sidewalls.‘

The change from a cyclic venting to a continuous venting system would be
accompllshed by the following hardware changes'

l) Eliminate two 1,750 pound thrust ullage engines for S-II/ -TVB
’39p8rﬂu10ﬂ and engine star

2) Eliminate iwo 150 pound vhonL ullaﬁe engines for cyclic

- venting and engine restart. .

3} Utilize the Gemini Orbitsl Attitude and Maneuver System engine
‘ (derated to nominally 70 pounds thrust at S-IVB system
operated'uressure) and bropellant valve arrangement for initial

orbitsl ullage control and propellant oettllng for engine

restary.




4} Optimize the APS propellant tank capacity to meet the present
~ mission requirements including a total ullage time of L5k seconds.

5) Design a cold gaseous hydrogen venting system capable of providing
a minimum continuous vehicle net forward axial thrust of five (5)

pounds during the hél/e hour orbital coast period.

6) Utilize two (2) Thiockol TX-280 solid ullage motors and associated
haerdware per stage for S-II/3-IVB separation and engine start.

Also, design a Jettisonable system for the motors and'fairings¢

3.5 Ttem 3 - Variable Engine Mixture Ratio

This item achieves substantial S-IVB/IB Stage performahce gains by deviating
from the general method of operating a stage rocket engine at a fixed thrust -
specific iﬁpulse (Isp)'level thrbughout {f1ight. The relationships between |
engine thrust, Tsps and engine mixture ratio (EMR), while allowing in=-flight
variation of EMR (the independent variable), show that the most efficient

EMR history reflects high values of thrust at stage ignition and changes

continuously to lower values up to engine cutoff.

The advantage of high thrust early in flight is accounted for by considering
a general trajectory éhape in which large flight path angles are sensitive
to thrust, due to gravity effects, and low flight path angles sre relatively
ingensitive to thrust. | : B

The J-2 Engine hag an Igp history that decreases with increasing thrust and
" is schematically illustrated in the following figure.

Thrust

> EMR
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This engine characteristic is utilized through the use of the Propellant
Utilization (PU) System which is designed to recognize errors in the ratio
of loaded LOX to loaded LH2, and to correct such errors by forcing the

engine‘to operate in the directioh of the error. This means that mass

ratios of LOX to LHp, which are different from a predesignated value of

“EMR Lhat is programmed into the PU system, can be deliberateiy loaded

causing the engine to operate at EMR's in the desired direction.

Therefore; by deliberately loading LOX-rich, the engine operation during

‘the early portion of flight will bé at a High EMR (high thrust) until

the error is removed by the PU system. At this time, the engine will

revert back to the EMR (Low thrust) that is initially programmed into
“the PU system for the remaining portion of flight.

The pefformahce gain of 2,010 pounds shown in Section I, Introduction and

- Summary, 1s based on an EMR value of 4.7, which is initially programmed into

the PU system, and a loaded LOX to LHp mass ratio of 5.3.

3.6 Ttem 4 - Propellant Tank Operating Pressure Reduction

Thié welght reduction item is a result of reduced J-2 Engine NPSH requiref ‘
ments.‘ The S=-IVB hydrogen tank ullage limit pfessu;e can be lowered from
42 psia to 39 psia for the SfIVB/IB Steges, and from 42 psia to 37 psia

for the S-IVB/V Stages. As a result of the reduced ullage limit pressure,
the LHo forward dome and cylindrical sidewall can be redesigned for lower

~ hoop tension design loads, which result in a significent dry stage weight

savings. Also, associated with this change ig & reduction of regidual

gasses end an increase to LHp boiloff, during orbital coast, for the S-IVB/V

Stage.

3.7 Item 5 - Improved Internal Insulation

This item proposes o reduce internal'insulation weight by using an improved
manufacturing methéd. This method consists of using a vacuum bag technique
in applying the insulation liner to the insulation core. By -using this |

technique; & threc-rold weight imﬁRYQGment is regliied by




1) A reduction of resin in.the 1iner,,due to the uwniform pressure

applled durlng the cure cycle.

2) A reduction of liner cloth weight was found pOSSlble during the

testing tq verify the vacumm bag technique.

3) Elimination of some of the doublers used at the liner Joints due
to using 1ighter weight liner cloth.

3.8 Item 6 - Remove Leak Check

This weight reduction'iteﬁ is achieved by the removal of the design require-
ments for a leak detection system on the S-IVB/IB and S-EVB/V Stages. By

‘removal of this requirement, all doubler seal Jjoints and pressure trans-

ducers, which are employed at all points in. the stage carrying pneumatlc

pressures or crjogenlc fluids in an active sense during flight; can be

deleted.

4

3.9 Item 7 - Remove Ambient Helium Bottle Insulation

This weight reduction item consist of removing the insulation shrouds from

seven fuel repressuriiation helium bottles (ambient) and two LOX re-

pressurization helium bottles (ambient) locaﬁed on the thrust structure.
“This is accomplished due to the results of a thermal analysis which shows

that a bare uncoated titanium bottle will result in approximately the same
helium temperatures at the end of a 4-1/2 hour orbit period as a bottle
surrounded by a fiberglass shell.

,‘3.10 Item 8 - Time Delay Depletion Signal

,Thls item increases payload capability by utlllzlng the propellants that

are trapped in the tanks below the depletion sensors, and is accomplished
through the use of a time delay circuit which permits the engine to operate

for & predetermined time after the propellants reach the depletion sensors.

- Therefore, the residual propellant levels are lowered from approximately the

height of the sensors down to the center line of the LHg feed duct for LHg
and o the geometrical bottom of the tank for LOX, which accounts for a

significaht reduction in residual propellant weight.
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©3.11 Item 9 - Low Density Electronic Encapsulating Materials

" This weight reduction item is accomplished by replacing epoxy material

(density of 0.054 1bs/in3) used for encapsulating electronic modules with

"a filled material (i.e., resinous compound mixed with organic or inorganic

material) that has an approximate density of 0.029 1lbs/in3.

3.12 "Item 10 - Mlnlmum Weight Attachlng Parts

- This proposed welght reduction item consmsts of replacing the exmstlng steel

bolts (NAS 1466 and NAS 1476) with equivalent titanium bolts (NAS 2006 and
NAS 2106) on the following drawings:

S-IVB/IB S-IVB/V

© 1B29835  Forward Skirt 1039264 Forward Skirt
1B29825 - Aft Skirt '1A39295  Aft Skirt
1A39316 - Thrust Structure 1A39316 Thrust Structure.
lB28836 Aft Interstage lA70707 Aft Interstage

Table 3-2 presents the expected dry welght savings and payload gains

TABLE 3 -2

ATTACHING PARTS WEIGHT DATA

Present Titanium | Dry Weight Payload
Weight Weight Savings Gain
Saturn | stage 55,8 31.2 24,6 2L.6
SaIVB/iB Interstage 23.6 13.2 10.4 1.3
‘| TOTAL 79. k4 L. L 35.0 25.9
Saturn Stage 55.1 30.8 24,3 2.3
S=-IVB/V {Interstage k.7 8.2 6.5 2.2
1 TOTAL 69.8 " 39.0 | 30.8 26.5




. 3.13 Ttem ll, 11A - Reduction in Skin Splice Material on SletS and
Inverstage

The forward skirt, aft skirt, and interstage are each built up by splicing
panel assemblies together. Thé splice consists of riveting overlapped

panel skins to stringers, as shown in the sketch below. This item proposes
to féduce the skin overlap at each splice as shown by the cross-hatched |

area in the sketch.

TYPICAL SKIN SPLICE

REMOVE B 4~ ADD RIVET LINE

B N ACA S SRR RN o1

it R L

\\wwsmammnr'

‘Table 3-3 presents the weight data for this item.

TABLE 3-3

SKIN SPLICE REDUCTION WEIGHT DATA

Dry Weight Payload

‘  v"Savi§gs , Gain
S-IVB/IB ‘ ; o S
: Forward Skirt . ' , 6.4 6.4

Aft Skirt : _ 4.6 L.6
Aft Interstage . - 10.0 1.2
Total : . B 23,0 ‘ 1z.2
S-TVB/V ; ,
Forward Skirt (X 6.4 6.4
ATt Skirt (Implemented as Ttem 11A) (5.6) (5.6)
Aft‘Interstage ‘ ; 0 20.0

Total 26,4 13.1




3. 1k Item 12 = Mlnlmum Weight Core Foam for the LHo Tank Internal

Insulation

This item proposes to replace the existing polyurethane cote material for

the LHp internal insulation with a less dense polyurethane material.

Eable 3-k presents the weight sgvings associated with various densities
of core materials. k ' ‘ :

TABLE 3=k

REDUCED IN"ULATION DENSITY WEIGHT DATA

Core - Weight Saving Over

Core Density o Weight Present Configuration
(lb/fts) ‘ | 18) S ~(1b)
5.5 (Present config.) 821 | o L
5.0 ‘ . T . o
k.5 | . B & ;“ ":‘ s :
h.o | , 597 o oo
3.5 B f sy | o8
-3.0 : | ,4‘ s i T 313

3.15 TItem 13 - Solid State Sequencer

The existing sequencer is replaced by a solid stage sequencer. The electro-

mechanicél relays now used would be replaced with solid state transistorized

- switches. This miniaturization would result in a large reduction in the

gize and weight of the container needed in addition to.thé weight saving

for each relay or switch.

'Increased,reliability ahd faster switching respohse would also.bg realized

due to the elimination of the mechanical moving parts.

The solid state sequencer would be developed to replace the present sequencer

on the S-IVB Stage without change to the vehicle wiring or mounting structure.

The weight saving involved would be approximately 15 pounds.




3.16 Item 1h4 - "In Place" Welding or Brazing of Tubing

This item suggests that "in place” wélding'or brazing of tubes be used in
lieu of the conventional coupling connections. : The sketches below, except
for Flgure II, show that both the welding and brazing technique involves
encasing the tube ends in a light-weight sleeve. In one case, the sleeve
is welded to the tubes. In the other case, brazing material is placed
between the sleeve and tubes, as shown in thé sketch, and then heat is
applied which causes the brazing material to fléw and form a brazed
connection. ‘ e

FIGURE T o FIGURE ITI

Welding Method | Brazing Method
Tube Tube - - Tube - : Tube
. Z:II//I.'{'I \\.\\“\,\‘ i ‘
Sleeve Weld Sleeve Brazing Mat'l
FIGURE IT FIGURE IV
Welding Method - Present Method
Tube Tube Tube — Tube

Nut Union Nut

Table 3=5 presents the preliminary weight date on possible weight savings

if the present line break connections are eliminated by "in place" welding.

For a description of present type of connector and more detailed data,
refer to the January 1965 Weight Control Status Report, SM«M69M9.
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TABLE 3-5

PRELIMINARY LINE BREAK CONHECTIOH WEIGHT DATA

; ?reéent‘Type B A Size of'Tubihg Present Humber cf.’.~ : Weight Savings if
of Connection Involved (0.D.) ’ Connections Required Connection Elininated (1b]}
vese 1-1/2 inch | 7 L 12.6
5500 ~ © 1-1/b inch - 2 s 6.0
BSCO "~ 3/b inch ' 2 o 3.k
BSCO - . : ,1)2 inch o b ' o h.B
M 1 inch 8 a8
MC o :' ‘  3/hinen R ‘;i o B 3.2
MC | S . 1/2 inch A o 111 | i : 3.2
Mc = ~ 3/8 inch EEE e 0.2
MC -]‘," ":"‘- 1/ inch ki' 58 i ‘,,,‘ 8.0

rotata LA Lelh e il i 50,2




3.17 Item 15 - Cryogenic Repressurization

" This item consists of replacing a represéﬁrization system using ambient
helium (ambient helium repressﬁrization), to provide for orbital restart
pressurization, with a system using cold helium heated by a LOo-LHp Burner
 that is operated by cryogenic propellants (cryogenlc repressurlzatlon)

The LOp-LH2 Burner exhaust also has a potential application in providing
additional thrust for propellant settling during orbital coast. »

This design chahge is accomplished primarily by replacing nine ambient

helium bottles with a cold helium bottle and a LOp-LHE Burner.

" These two repressurization éystems are schematically illustrated in

Figure 3-1.

3.18 Ttem 158 - Structural Modifications for Cryogenic Repressurization

This item incorporates the critical.lead-time hardwére required to accomo-
date the cryogenic repressurizetion system (per ECP X181) which was in-
corporated at a later date. Stages S-IVB-207 through S-IVB-212 required
the addition of two aft dome pads for LHp and LOX feed-throughs. Stages
S-IVB-503 through S-IVB-506 needed, in sddition to the aft dome pads,

LHo and LOX feed-throughs, cold helium bottle feed-throughs and strap
attachments, a LH2 feed duct aerodynamicffairing, fairing insulation and
support‘instéllation,'and an extensibn of the auxiliary tunnel.

Y

3.19 ‘Item 16 - Trajectory Optimization

This item invéstigates flying a more efficient vehicle attitude history

- during fifst stage flight, with present design limitations béing considered,
to determine potehtial increases in payload capability. This is as opposed
to the present design ground rule of ballistic (zero angle of attack) flight
during first stage operation followed by optimizatioh of the upper stage
£1ight profile. '
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AMBIENT HELIUM REPRESSURTIZATION SYSTEM

,'/

.’l

/ Liguid Oxygen
' Tank -

3 N N I
D00 0D O

Ambient Helium Bottles

- 4Liqu'id‘ Hydrogen Tank

" CRYOGENIC REPRESSURIZATION SYSTEM

LOp-LHp BURNER

‘ j(f

[ Cold
. Helium
- “Bottle .

Legend

' Helium
S Cryogenic Px‘ope‘llant

Figure 3-1. Repressurization Systems -




3.20 Item 17 - Operational Telemetry

- This item is accomplished throuzh the utilization of the decreased telemetry
'(TM) requirements of an operational stage as compared to a research and
development (R&D),stage, The weight savings were primarily the result of
the following design changes: :

1) Deletion of the R&D instrumentation not required for

the operational vehicle.

2) ‘The reduction in TM from five sets (one SS/FM, three.
FAM/FM/FM, end one FCM/FM) to one set (PCM/FM).

3) Deletion of two antennas and one tape recorder not required

on operational vehicles.

L) Redesign of the thermo-conditioning system.

3.21  Item 18 - Decreased Chem-Milling Tolerances

It was discove;ed through extensive measuring of chem-milled dome segments
that the average skin thickness continuaslly exceeded the nominal gage.
This average thickness was determined from an overall high point to low
' point spread of about seven mils. It is proposed that the upper tolerance
limit of ten mils be reduced to five mils, thereby 1owering the overall
spread down by at least two and one-half mils which would also decrease
Ythé"average skin thiekness by the same amount. Note that the overall spread
is assumed to remain constant at seven mils. This change is incorporated
3 t:gég to +.005 on the forward dome, aft dome,
‘and common bulkhead skins. The weight saving is dependent upon the number

of segments prior to this change thet are already within the new tolerance
of +.005 inch. ‘ :

by reducing the tolerance {rom

3.22 Ttem 19 - Thermo-Condlitioning Panel Improvement

This item proposes that the existing aluminum sheets and channels be replaced
by "Lockalloy", an alloy of 68 percent beryllium and 32 percent aluminum.

Also, the HT-42h adhesive now used is to be replaced by XB-12h adhesive.
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Table 3-6 presents the weight data for this item. The weight tdtals are
based on 6 panels being affected. ‘ ‘

TABLE 3-6
THERMO-CONDITTONING PANEL WEIGHT DATA .
; =
Pfesent" " Proposed Weight
Part Number  Description = Weight (1b.) Weight (1b.)  Savings (1b.)
11981281 - Plate 13.0 0.5 2.5
1A98131-1 Plate 13.4 ©10.6 ' , 2.8
1A98129-1 Plate - 58.8 ; uu.u  ‘ 1h.h
1A98123-1 Channel 5.9 ‘ L.h 1.5
1A98124 -1 Channel 5.9 b ; 1.5
1A9812L-2  Channel 5.9 L 15t
1498125 Fitting 2.6 2.0 0.6
- -~ - Ndhesive . 10.4 7.4 3.0 .
Totals ; 115.9 88.L  27.8
: . . - i :

»

.23 Ttem 20 - Aluminum Tubing and Fittings for the Hydraulic System

This item considers the use of aluminum instead of steel tubing and

fittings for the low pressure side of the hydraulic system.

3,24 Ttem 21 - Use of Lighter Weight Material in Hydraulic System
Accumulstor

This item proposes replacing the steel parts of the accumulator with a
lighter weight material. Three such materials considered are titanium,
aluminum and beryllium. Since the characteristics of titanium are similar
to steel, that cﬁange would be a material substitution only. However, if

sluminum or beryllium asre used,; the parts would have to be beefed-up or

.redesigned. The expectéd weight saving using beryllium is preéented in
Table 3-7. '




TABLE 3=7

- ACCUMULATOR-RESERVOIR WEIGHT DATA

PRESENT CONFIGURATION = PROPOSED CONFIGURATION
Part Number Description Weight (1b.) Description Weight (1b.)

1A78643 - Piston 4.8 Upper Housing 6.0
1A786LY Piston . 2.3 - Lower Housing 8.7
1B29312 Housing ; 17.9 . o Accumulator Fiston 3.0
1483316 Sleeve . 5.k Reservoir PiSton 1.3
1483359 Vent Tube 0.5 Reservoir Cap 1.7
1483362 Housing 13.8 ’

1483363 Piston 3.1

1483361 Cap L.5

1189339 ‘Bolts : 1.6

Total ' - 53.9 - - ST

Weight Savings = 53.9 = 20.7 = 33.2 pounds

3.25 ZItem 22 - Material Substitution for Propulsion System Tubing

Substantial weight savings may be realized by substituting aluminum in

lieu of steel for some of the propulsion tubing. Preliminary weight data
are presented in Table 3-8. :

3.06 Ttem 23 - Wire Weight Reduction

The S-IVB has numerous applications in which 24, 26, or 28 gage conductor
material with less insulation than now used would satisfy the present
electrical charactgristics requirements. Larger gage (20 or 22) con-
ductors with hesvy insulation are now being used in order to meet mechanical

property {i.e., tensile strength and abrasion resistance) needs.

i
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S-IYB/1B
H i e

trawing Affected

1406894
1A39325
1A39325
1A39325
1439325
1439325
1A39325
1439326
1439326
1A39326

Total

S=IVB/V

1466894
1A39325
1A39325

| 1A39325

1439325
1439325
1439326
1A39326
1439326

Total

Eﬁgine'instl

[ Tank
Tank

Tank
Tank

% 2

Tank
Tank
Tank

Engine Imnstl

Pneu
Pneu
Poeu
Pneu

Pneu .

Pneu
Pneu

Pneu

I,
I,

LOX
LOX
LoX
LOX

10X

Lip
Liip
LHp

Tank
Tank
Tank
Tank
Tank
Tank
Tank

Tank

1/2
1/2
/2
1/2
3/h
3/k
1-1/b
1-1/2
1172
1=-1/2

1/2
1/2
1/2
1/2
37k
1-1/k
1-1/2
1=-1/2
1-1/2

TABLE 3-8 s

'PRGFGSED'?ROPULSION’TUBI§G>CHAﬁﬁES

Proposed Chanpes

0,D.x.028
0.D.%.058
0.Dux.0b9
0. Do %.028
0,D.x.0L9
0.D.x.028
00 Do o 049
0.Dsx.005
0¢Dox,0k9
0.D.%.035

0o Dux.028
0.D.%.058

DoDsx.049

0.D,x.028
0,D.x.028
0aDox. 09
0.D.x.065
0.Dox.0L9
0.D.x.035

Steel
Steel
Steel
Steel
Steel
Steel
Steel
Steel

Steel

Steel

Steel
Steel
Steel
Steel
Steel
Steel
Steel
Steel

Steel

to
to
to
to
to
to
to
to
to

to

to
to
to
to
to
to
to
to
to

0.D.x.0k2
0,Dex.095
0.D.x.083
0.D.x.0b2
3/4 0.D.x.065 Alum.
3/b 0,D.x.0k9 Alum.
1-1/4 0,D.x.083 Al,
1-1/2 0.D.x.095 Al.
1-1/2 0.D.x.083 Al
1-1/2 0.D.x.065 Al.

1/2
1/2
1/2
1/2

Alum,
Alume.
Alum.

1/2 0.Dox.0k2 Alum.
1/2 0,D.x.,095 Alum.
1/2 0.D.x.083 Alum.
1/2 0.D.x.042 Alum,
3/4 0.D.x.049 Alum.

1"‘1/]‘& OQ Do Xo083 Alo ;
121/2 0.D.x.095 Al.

1-1/2 0.D.x.083 Al.

1-1/2 0.D.x.065 Al.

Alum.,

Steel

Weight (1b)

Aluminum Weight Savings

1.b 0.7 0.7
10,1 5.3 L,8
k.5 2.5 2.0
1.b 0.7 0.7
2.5 1.2 1.3
1.5 0.9 0.6
7.8 b5 3.3
3.3 1.7 1.6
L.k 2.6 1.8
2kl 15.5 8.6
61.0  35.6 25.4
1.k 0.7 0.7
11.7 6.2 565
3.2. 1.8 1l.h
1.b - 0.7 0.7
3.2 1.9 1.3
7.8 - LS 3.3
3.3 1.7 1.6

- 8.1 L7 3.k
2kl 15.5 8.6
k2 3T.T 26.5




This wire weight reduction technique proposes that the existing wiring be
replaced by improved wiring of reduced gage and insulation which still
satisfies beth electrical and mechenicel characteristics requlrements.
These improvements are possible through the application of high strength
conductor material, improved stranding methods for conductors and improved

conductor insulation methods.

In addit @n to the improvements, the desmgn requirements for existing con=

ductors will be reviewed for possible gage reductions.

Tt has been estimated that 70 percent of the presently used 22 gage wire

in the instrumentation systems could be replaced by 24 or 26 gage with no
sdverse effect on electrical performance. Weight savings by using 24 or

26 gage in place of 22 gsge would be 42 percent and 58 percent, respectively,
- For the estimated 200 pounds of 22 gage wire on the S-IVB assuming equal
‘quantities of 24 and 26 gage substitution, *hie would amount to a savings

of 70 pounds. v . . R

3.27 Item 23A - Size Reduction of Copper Wire in E/E Equipment

This item proposes to reduce the wire size from 22 to 26 gage for signal and
low power cireuitry within Electrical/Electronic equipment (black boxes).
The mechanical and current carrving capacity of 22 gage hookup wire exceeds

" that which is required for use inside the E/E equipment.
The weight reduction possible through implementation of this item is approx1~
mately 7 pounds to the stage dry weight, resulting in a payload increase of

7 pounds.

3,28 Ttem 2h - Welded Module Pack

Thig item proposes to reduce the wel
modules. This can be done by wtilizatior

pole, double<throw relay, which wi

whole module.
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The weight savings depends upon the smount of each of the various modules

used on the stage. Table 3-9 gives a breskdown for S-IVB-207 and S=IVB-50k.

TABLE 3-9

WELDED MODULE PACKAGING REDESTGN WEIGHT DATA

§-IVB-207 . §-TVB-50k
7 : Weight Seving No Total No Total
Part Number Description | per Module (1b)| Mod. Savings | Mod:. Savings
1A82074 Temp. Bridge 0.14 40 5.6 inn 6.2
1498088 Temp. Bridge ©0.11 5 0.6 5 0.6
1A7h21L 2 Amp. Relay 0.19 9 1.7 9 1.7
TOTAL ' sbh 7.9 58 8.5

.29 Ttem 25 - Electrical Bus Connector Redesign

LAl

This ibem proposes a change to a vendor designed bus connector. This change
provides the brazing of the interconnecting copper leads within the connector
with this area potted and flush with the rear of the connector, thus reducing

the size of the bus connector encapsulation material.

The present.method utilizes soldering and welding for the connector inter-
comnecting leads outside the connector and therefore requires more en-

capsulation material.

The vendor redesigned bus connector can be mounted directly on the support
panel. This will provide sdditionsl welght reduction by eliminating some

of the present hat section support bracketry.
‘Preliminary weight data are pregented in Table 3-10.

The Tollowing is a typical comparison skebtch, not necesgsarily of a true
i

desizn, showing the present desipn and the proposed design.
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ELECTRICAL BUS COHAECTOR REDESIGH WEIGHT DATA

TABLE 3-10

. N0, OF CONN. WT SAVING; TOTAL WEICHT
PART NUMBER UESCRIPTIOH PER VEHICLE PER CONN. SAVINGS
55920k Shorting Plug 1 .0k Lol
148L57T6 Bus Conn. 18 «10 1.80
1ABLSTT Bus Comn. 5 .32 1.60
1484579 Bus Conn. 1 .03 .03
1AGAS 22 Bus Conns 1 . 3h o3k
1AG6TOT Bus Conn., 3k .15 5,10
TAQTBGR Elec. Distre. 56 .02 1.12
LAGROLZ Bus Conn, ks + 30 1.20
1RL0619 Bus Conn. 1
‘ 1B29862 Bus Connt. k .01 <Ol
(Redesigned Bus Comnector Totals/Stage) (125) (11.27)
1496461 .60 1.20
182814 »50 « 50
(Elimin&ié Hat=Section Cupport Bracketry .
Totals/Stage) (3) (lﬂ?0>«
Totals/Gtare 12.97
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PRESENT DESIGH PROPOSED DESIGH

I

©

AREA REMOVED

NI

o

3.30 Item 26 - Use of Color-Coded Hookup Wire

This item proposes a change to the wiring inside electrical/electronic equip-
ment that provides a color-coded hookup wire in lieu of a black plastic

tubing with a number stamped on it, placed over each wire end.

This will eliminate cost, weight, fabri:ation time, and installation of the

black identification tubing. Also, this meﬁhod will facilitate the wiring

installation and require less space in the black box.

Approximately 4,450 wires and 8,L55 pieces of tubing are involved per stage.

The weight saving would amount to approximately 7 pounds /stage.

3,31 Ttem 27 - Miniaturized Instrumentation System

This item proposes replacing conventional circuits with semi=-conductor inte-

'grated circuits, or thin film integrated circuits. A substantial weight -

reduction with no penalty for performsnce and reliability can be accomplished.

A detailed study for weight comparison between a conventional and a minia-
turized T/M (telmetry) system was presented in Apvendix 1 of the January 1965

Weight Control Status Report, SM=LGIL9.




3:32 Item 28 - Electrical Wire Clamps

This item proposes that teflon cushioned clamps be replaced by silicate

rubber cushioned clamps where temperature requirements permit.

The teflon cushioned clamps require the wire bundle to be wrapped with fiber

‘glass tape along the srea in contact with the clamb, The fiber glass tape

isused to prevent wire pinching and loose fit of the Clampg

" The silicate rubber cushioned clamps are lighter. The ability of

the rubber cushion t{o compress provides-for a greater variety of wire
cable diameter sizes. This reduces the use of fiber glass tape to a minimum.
The silicate rubber also restricts the teflon insulated wire slippage

within the clamp. Approximately 4500 clamps are required for S-IVB-201.

3,33 Item 26 - Reduction of Forward Dome Internal Insulation

-Thig item proposes that the internsl insulation on the unwetted portion of

the forward dome be removed; this area provides a relstively minor source
of LHp heating. For the S-IVB/IB, this would move the insulation back

approximately 80 inches from the forward end. The removal of 500 square

"~ feet of inéulationvwould reduce the stage weight by 213 pounds. For the

S-IVB/V, the insulation could be tsken back about 50 inches from the _
forward end. The corresponding removal of 187 square feet of insulation

would reduce the stage weight by 80 pounds.

3,34 Item 30 - Stringer Redesign on Skirts and Interstage

This weight reduction ltem proposes that the stringers of the fcrﬁard skirt,
aft skirt, and interstage of both the Saturn S-IVB/V and S-IVB/IB Stages
bé redesigned to a minimum strength to welght ratio considering present

design loads. The proposed redesign would be slanted to maintain existing

~ skins, stringer spacing, and frames. Only the stringer cross section would

be changed.

The weight savings for this change is depicted in Table 3-11.
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TABLE 3-11 -

STRINGER REDESIGN WEIGHT DATA

“ Saturn iB ' " Saturn V
Forward Skirt ‘ 55 1bs 82 1bs-
APt Skirt - C 13k 1bs ; © 7133 1bs

Aft Interstage ‘ N/A 32h 1bs

3.35 Item 31 - Redesign of Aft Skirt Air Conditioning Duct

' This change would remove the external insulation in the upper portion of

the aft dome. The spacevbetWeen frames 241 and 255.25 would be enclosed
with a mylar wrapped insulation blanket to form the environmental control

duet. It would result in a weight saving of approximately 12 pounds due

to reduction in the amount of insulation and adhesive.

Figure 3-2 presents a sketch of the proposed system.

3.36 Ttem 32 - Chemical Milling of Skin Sections on Skirts and Interstage

This item involves chem-milling the skin sections on the forward and aft
skirts and aft'interstage to an optimum panel thickness to meet the acoustical
and strength tequirements of the skin. t represents a design change to
nearly all of the skin panels of those s&ructufe;, and é large change in

manufacturing technigue of the part,

3.37 Item 33 - Combination Check Valve and Instrumentation Mount - LHo and
LOX Chilldown Return

 This item proposes & redesign of a section of the LH2 and LOX chilldown

return duct assemblies. The present design consists of an aluminum check
valve connected to s steel instrumentation mounting tee. The proposed
design would combire the check valve and instrumentation mount in a single
aluminum housing. The present and proposed designs are shown in Figure 3-3,
The estimated weight saving associated with this item is 2.5 pounds per

assembly or 5 pounds per stage.
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INSULATION & WEBBING NOT

REQUIRED WITH PROPOSED DESIGN m\\[

SEALS NOT REQUIRED
WITH PROPOSED DESIGN

LH, ENGINE FEED LINES

STA. 255.25

.0005 WEB & .001 REINFORCED
AL MYLAR SHEET BOTH
SIDES. 0.5 GLASS FIBER —

STA. 241 -

T~ ND ADHESIVE

“Figure 3=2. Proposed Aft Skirt Envirenmental Sysiem
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3.38 Ttem 34 - LHp Non-Propulsive Vent

The S-IVB/V LHo non-propulsive L inch vent duct was originally sized for
cyclic venting considerations. The S-IVB/IB LH2 non-propulsive vent duct

was sized based upon maximum allowable earth orbit hydrogen tank de-

pressurization time of 15 minutes. For this value, a‘& inch duct was also

reguired. In order to msintain common hardware between S-IVB/IB and S-IVB/V,

Propulsion chose toiuse the U inch duct on S-IVB/V when cyclic venting was

replaced by the constant pressure continuous venting system. The translunar .

blowdown time would be extended from U-1/2 minutes for the 4 inch duct to
8-1/2 minutes for the 3 inch_dﬁct'e considering a blowdown pressure range of

34 to 8-1/2 psia; this would violate no known requirement.

.This item proposes to reduce the weight of the normal vent system on the

- S-IVB/V by making the following changes.

Weight Reduction (1bs)

Reduce Duct Diameter from L' to 3" 27

Reduce Duct Gage from 0.035" to 0.025" -7
Replace Pressure Com@ensated Bellows =5
Total Change ) . “39

~3.39 Item 35 - Zero Gravity Liguid-Gas Separator

. The initial vendor design of the zero gravity liguid gas separator did not

appear to meet the specification requireménts. Rather than redesign the
separator, it was decided to evaluate the possibili%ies of eliminating it
due to the implementation of a constant pressure continuous propulsive vent
on the S-IVB/V LH, tank. '

The constant pressure continuous vent eliminates the blowdown cycle before
second burn, which was required to meet the ILHr pump NPSH requirement.
This factor, combined with the settling effects of the propulsive vent,

removes the requirement for a liguid-gas separator.
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3.40 Ttem 36 - Alternete Adhesive for the Common Bulkhead

i test -program was proposed to establish an alternate adhesive/foam material

for the common bulkhead to reduce the weld degradation problem caused by

«t

h

¢}

high temperéture cure cycle of the present adhesive/foam material.

‘The primary goal of the fest program was to obtain an adhesive material

having low temperature cure requirements suitable for common bulkhead use.
Howewver, adhesives with much lower densities than the presehtly used
adhesive were to be tested. If succebsful, the lightweight adhesive could

provide up to a 93 pound reduction.

3.41 Ttem 37 - Redesign of Common Bulkhead

This item proposes a potential payload improvement resulting from redesign

of the common bulkhead. The redesign is made possible by assuming that
preconditioning the common bulkhead would elminate cryogenic shock as a
design condition. ‘

The weight reduction would result from a net reduction in common bulkhead
] .

face <hickness, a reduction in core thickness, and reduction in attach ring

material. Preliminary analysis indicstes e payload improvement of approxi-

mately 203 pounds. A weight breakdown is presented in Table 3.12.

TABLE 3-12

COMMON BULKHEAD REDESIGN WEIGHT DATA

Present Proposed Weight

Ttem : Weight Veight Savings
Forward Facing Sheet 268 3h2 -7l
Aft Facing Sheet 416 195 221
Core S o 31k _ 269 . R s
Aft Dome Attoch Ring 260 - 2hg 11
Total _ ' 1258 107

P03




3.42 Ttem 38 - Use of Beryllium-Aluminum Alloy for Skins and Doublers
of the Skirts and Interstage

This weight reduction item proposes that a Beryllium-Aluminum alloy, known
commercially as 'Lockalloy', be directly substituted for the existing 7075

aluninum skins on the skirts and interstsges of Saturn S-IVB Stages.

. Table 3-13 presents the present weight of existing exterior skins and
doublers for both the IB and V Stages. Also presented are the estimated.
weight saviﬁgs that could accrue by direct substitution of "Lockalloy" for
these structures. ‘ o

| iABLE.3w13

- LOCKALLOY §KIN AND DOUBLER WETIGHT SAVINGS DATA

Weightlof Existing Weight Savings

Area V . Skins and Doublers Using Lockalloy
| ;R L B Y
Forward Skirt © 387 ko1 ) 8l 87
Aft Skirt 298 321 - e 69
Interstage . : 936 1285 o202 276
Total Cage1l 2007 350 h32

3.43 Ttem 39 - Redesign Electronic Equipment Mounting Panels
! 4

This item proposes that a weight savings is possible by redesigning the aft
skirt electronic eguipment mounting panels. The redesign includes reducing
the face sheet thickness from 0.063 inch to 0.035 inch due to replacing

melamine bonded with epoxy bonded fiberglass laminated sheet.

3.4t Ttem LO - Redesign Mounting Bridge, Ullage Rocket Fairing Assembly

This ltem proposes that the weight of the ullage rocket fairing assembly .be
reduced by redesigning the mounting bridge (Part Numberle72953wl) so that

aluminum could replace steel. This would result in a 2.4 pound dry weight
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savihgs per fairing or a total dry weight reduction of 7.2 pounds and

4.8 pounds for the S-IVB/IB and S-IVB/V Stages, respectively.

3.45 Item L1 - S-TVB/V Aft Skirt Skin Thickness Reduction

‘Sonic fatigue data'from acoustical development testing indicates that.an aft

skirtv skin thickness reduction Irom 0.040 inch to 0.032 inch is adequate for
the allowable acoustical loads. A detailed strength analysis also confirms
the strﬁctural adequacy of this proposed design change. The welght savings

would be approximately 55 pounds. - '

3.46 Item 4l1A - S-IVB/V Aft Interstage Skin Thickness Reduction

This proposed change is identical to Item 41 except that it is effective

‘on the aft interstage and yields a weight saving of approx1mately 170

pounds (57 pound payload 1ncreaSQ)

3.47 Item 42 - Reverse Flow Engine Chilldown System

This item proposes to replace the forward flow chilldown system with a reverse
flow chilldown system. The forward flow system uses the lower portion of the
main propellant feed ducts to supply the J-2 Engine with chilldown propellant,
ufilizing pfevalves to prevent backflow through the upper portion of ‘the

feed ducts. The chilldown propellant is returned to the tanké thrqugh the

“chilldown return lines. The reverse flow system would modify the chilldown

lines into feed ducts for the chilldown propellant and then return the
chilldown propellant to the tanks through the main feed ducts. This would
eliminate the prevalves and the chilldown bypass lines, which should réduce

weight and incresase reliability.

A schematlc ‘of the existing forward flow and of the proposed reverse flow

chilldown systems is presented in Figure 3-k.

The preliminary welght savings dats are presented in Table 3-1kh.
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: TABLE 3-14

REVERSE FLOW ENGIIE CHILLDOWN SYSTEM WEIGHT SAVING DATA

Part . Number Total
Ttem :  Number Required veight (1b)

Existing System:

Prevalve - 1A49968-1 1 35.0
Prevalve 1AL9968-503 1 25.0
Pump - LHp 1abgh21-1 1 13.0
Pump - LOX 1ALkol23-1 1 13.9
Flow Meter - Lils 1A8910k4-503 1 1.5
Flow Meter - LOX 1A89104-501 S 1 1.5
Check Valve - Feed Lines 1B53920-1 2 o.h
Shut-off Valve - LHp 1Ak0965-503 1 5.0
Shut-off Valve - LOX , 1A40965-505 1 5.0
Check Valve - Return Lines 1akoobh -1 2 1.7
Duct Assy. - LHp Bypass 1A49966-501 1 13.0
Duct Assy. - LOX Bypass 1A87ThO-1 1 8.k
Duct Assy. - LOX Return 1A87736-1 1 10.0
Duct Assy. - LHp Return TA8T7738-1 1 18.5
Duct Assy. - LHp Return 1A877h1=1 1 7.7
Couplings & Mounts - 10.L
Attach Parts, Gaskets, Misc. 10.Q0
Total Weight of Existing System ' 199.0
Proposed System:
Pump - LHp 1Akol21 -1 1 12.0
Pump - LOX 1ALOU23 -1 1 13.9
Flow Meter - LHo 1A8910L-503 1 1.5
Flow Meter - LOX 1A89104-501 1 1.5
Check Valve - Feed Lines 1B53920-1 C 2 0.k
Prevaglve Replacement Spools 2 22.0
LHp Chilldown Feed Duct 1 40.0
LOX Chilldown Feed Duct 1 12.0 .
Couplings & Mounts ~132.0
Attach Parts, Gaskets, lisc.. 10.0
Tobnl Welght of Proposed System 127.3

flet Welght Savings | - T1.7




3.48 Ttem 43 - Radeszrn Transducers and Natlng Parts from Conoseal
to MC Design

This item proposes to reduce the stage weight by redesigning the temperature
and pressure trensducers and their mating parts from the present Conoseal

design to a MC design.

BEach operational stage has approximately 30 transducers which would be
affected by this redesign. The weight saving per transducer is approxi-

mately O.4t pounds, which would result in a total weight saving per stage
of 12 p@unds

3.49 Ttem Ll - Elimination.af Cold Helium Bottles on S-IVB/IB

The Satuirn IB LOY tank pressurization system has eight (8) cold helium
bottles mounted in the LHo tank. Four (L4) are located in the main tunnel
area and -four (4) in the auxiliary tunnel area. The number of bottles

was originally based on a common system with the Saturn V Stage. Anélysis

~ has shown that'two (2) cold helium battles could be removed on all Saturn IB
flights without degrading the mission reliability.

3.50 Ttem 45 - Reduction of Retro-Rocket Shock Factor

The design shock factor used on loads applied to the S-IVB Aft Interstage by
the thrust.of the retro-rockets is based primarily on the rise time to'peak
load, but also depends upon the natural frequency of the system and an
accurately caleculated value of the retro-rocket interstage structure spring

constant.

The present S-IVB/V Aft Interstage design uses a shock factor of 2.0. For

some time, it has been proposed that this factor could be reduced; the shock

factor reduction would present s possible weight savings thru redesign of

the aft interstage structure.

Resultg of static testing at Tulsa in July 1965 subgtantiated the fact that
the shock factor could be reduced. The test specimen failed while holding
200 percent of limit load. Limit loed in this case included a factor of 2.0

on the 3 rocket thrust velue of Ul 600 pounds. Failure load was then
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sbout 178,500 pounds, a value 143 percent higher than the design ultimate
load of 125,000 pounds. - Based upon the same ratio of failure to ultimate
load, the ultimate load of 100,000 fcorreéponding to a shock factor of 1.6)
would. result in & capablllty of 143,000 pounds which is still favorable in
respect to the design ultlnste lond.

This item therefore proposes that the retro-rocket shock factor be reduced
from 2.0 to 1.6 and the'permissable design changes as a result of this be
accomplished on the SaIVB/V’Aft Interstage. The design changes would in=-

- volve reductions of the frame cap area on Frames No. 4 through No. 7 (1h0

~pounds), and a gage reduction on the intercostal webs between Frames No. 4

and No. 7 (20 pounds).

The total dry weight savings of .this change would amount to 160 pounds and

result in a payload gain of approximately 50 pounds.

3.51 Ttem 46 - LHp Cylinder Weight Reduction

Advanced Systems & Technology (AS&T) has been studying a welight optimization

‘redesign of the S-TVB LHp cylindrical tank. Investigation included the use

of a titenium alloy instead of aluminum. The best efforts to date have re-

- sulted in a redesign which would seve approximately 481 pounds. The im-

proved design retsined aluminum as the material but used biaxial material
properties to size the gkin thickness and a less conservative buckling analysis
for the gidewall &egign. Redesign considerations omitbted the aspect of re-
tooling and iﬁs relation to the formulation.cf an econdmical'weight reduction
item which could be implemented on the S-IVB. Skin thickness and web thickness

and spacing were variables.

Other areas of investigation which could affect the magnitude of weight
reduction in the IHo cylinder redesign is that the internal insulation may

provide strength equal to, or more than, that provided by the ribs.

By a simplification of the cylinder redesign considered in the 481 pound
estimate, using skin thickness reduction and leaving the existing web spacing,

g majority of the weight savings équld be realized. A reduction of 17 mils




(0.143 to 0.126) in skin thickness would result in an approximate weight

savings of 360 pounds.

This &esign.ch&nge, which would not be optimum, would nevertheless pfovide
& significant weight reduction to the stage, with a minimum of retooling,
and provide the earliest effectiviﬁye A material savings due to use of a

thinner plate than presently used is also possible.

3.52 Item 47 - Ordnance Thruster Separation System

This item proposes using ordnance thrusters in place of the retro»rockets
now used on the S-IVB/IB/V Aft Interstages to affect separation of the
lower stage from the S=IVB. This method of separation will make possible

8 significamt‘weight savings.

“The Ordnance Thruster Separstion System would be a redesign of the vehicle
for & new structural concept, rather than a rework design; The thruster

is a cylinder-piston arrangement with a two foot stroke - similar to those
used in eje¢tion seat catepults - but specially tailored to the stroke,
thrust level and thrust buildup characteristics desired for this Separation
system. Ordnance materisl of about 0.4 pounds. per thruster, when ignited

by means of a confined detonating fuse (CDF) supplies the separation force.

~ Twelve of these thrusters are séaoed around the outer diameter of the af't
.interstage with the separation force acting on pads mounted on the stage.
The non-fixed end of the design will allow excursion of one stage with
_respect to the other during separstion. A minimum force of 380,000. pounds,
considering a 10 + 2 "out"” thruster configuration will affect separation

within existing time reguirements.

Table 3-15 reflects the weight savings for one internal and one external
arrangement of thrusters for the S-IVB/IB Vehicle - and one, an external

-

arrangement, for the $-IVB/V Vehicle.




TABLE 3-15

THRUSTER SEPARATION SYSTEM WEIGHT DATA

S-IVB/IB
Present System ‘ (2156) .
Stage ' - {(132)
Retro-Rocket Impingement Curtain 125
Wire Wrap ' SR T
Interstage (202k4)
Attach Structure ‘ ~ hho
Retro=-Rockets : : 1502
Tmpingement Insulation o 80
Internal Thruster System . (36k)
Stage i } _ :
ATt Skirt Medifications ‘ 73
Interstage
Thrusters + Structural Changes 291
Weipght Savings (2156 - 36k) A (1792)
External Thruster System ' (LL9)
Stage o
Aft Skirt Modifications V 86 -
terstage .
Thrusters + Structural Changes 363

Weight Savings (2156 - Lk9) , - (x707)




TABLE 3-15 (Cont'd)

THRUSTER SEPARATION SYSTEM WEIGHT DATA

S=IVB/V
Present System (2075)
Stage ‘ , ,: (132)
Retro-Rocket Impingement Curtain 125
Wire Wrap ' T
Interstage o ’ - (19143)
Attach Structure : 180
Retro-Rockets - 1502
Tmpingement Insulastion ‘ ‘ 60
Structure Beefup ‘ 221
External Thruster System : ' (355)
Stage o
Aft Skirt Modifications . L8
Interstage '
Thrusters + Structural Changes - 307
Weight Savings (2075 - 355) (1720)

3.53 Item 48 - Passive Thermo-Conditioning System

This ltem proposes replacing the present active thermo-conditioning system
~(cold plates) for the forward skirt electronics with a passive system.
Where the active system uses & temperature controlled fluid circulating

‘through channels in the electrical equipment mounting panels (cold plates),

the passive system takes adventage of the operational wattage of the "black’

boxes and proper location of cold critical and hot critical items to obtain

temperature control. Honeycomb panels and shockmounts, similar to the cold
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plates but without the.integral heat exchanger, would be used for mounting
the equipment. The passive system would be designed for operation in space,
- where thermal radiation is the primafy mode of heat transfer. Since the
active system thermo-conditions the electronics both on the ground and in
space -~ going to a passive systen would require an additional ground thermo-
eonditiéning system. A manifold for ducting a gaseous netrogen purge woq%ﬁ

be appropriate.

A preliminary weight trade-off for a passive system on the S-IVB operationsl

stages appears in Table 3-16, which shows a net weight savings of 70 pounds.

TABLE 3-16

THERMO-CONDITIONING FORWARD SKIRT ELECTRONICS

Present System = "Active" . ‘ 189 1bs.
Panels 5 at 25 1lbs. o 1es o
Piping Installation 35
Thermo-Conditioning Fluid 29
ki
Proposed System - "Passive" 119 1bs.
Panels 5 at 16 lbs. - 80
Ground Thermo- f
Conditioning System 39
Weight Savings | 70 ibs.

3.54 Ttem L9 - Relocation of Cold Helium Bottles on S-IVB/IB

This item proposes an alternative to the‘positioning of the six cold helium
bottles on the S—IVB/IB. When the reduction from eight to six bottles was

" approved (Reference: Item 4l - DAC Achievements), two configurations had
been studied; three bottles on each tunnel, and four on one tunnel - two
on the other. Subséquent enalysis revealed that all six botiles could be

mounted in one tunnel without appreciably affecting the usable helium supply




or degrading mission reliability. Up to six mounting pads are available on
both the auxiliary and the main tunnels. ZILocation of all six bottles on

- the main tunnel would eliminate the need for the auxiliary’ tunnel, cross
over pipe assemblies, and supporting bracketry. A dry weight sévings of
approximately 30 pounds would be realized.

3.55 Item 50 - Surface Finish Change on S-IVB/V

This item proposes that external surface finishes for the S-IVB/V liquid
hydrogen tank be investigated for a payload gain be reducing ILHo, boiloff
(during a 4.7 hour mission) up to J-2 engine restart. By a pfoper choice

of surface finish to achieve a better combination of solar absorbtivity

(¢) and emissivity (e¢), a significant reduction in boiloff (up to 25 percent)

is possible.

The present boiloff rate and the ccntinucus vent syétem provide about a

6 pound thrust for propellant settling during orbital coast - this is é
minimum design requirement; A reduction in boiloff is possible, hdwever,

due to the incorporation of LOp-LHp Burner (of the Cryogenic Repressurization

System) which could provide 16 to 25 pounds of thrust throughout orbital coast.

The best practical surface finish for reducing heat input to the LH, may
therefore be chosen. Table 3-17depicts a number of surface finish possie
bilities end an estimate of the payload to be gained. In most cases, an

increase in stage dry weight will result.

3.56 Item 51 = Air Spring Separation System

This item proposes using an air épring in place of the retro-rockets now
used on the S-IVB/IB and S-IVB/V Aft Interstages to affect gseparation of the
lower stage from the S-IVB. This method of separation would msake possible

a significant weight savings in addition to eliminating undesirable features

of’ the retro-rocket separation system.

H
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 PABLE 3-17

~ PAYLOAD GATNS THROUGH SURFACE FINISH CHARGE

o » ‘ Decrease Decrease | Payload Increase | Change In Het
Surface Finish Heal Irn Heab In Due to Less Stage Dry | Payload
Weight _ Input Input Boiloff Boiloff Welght | Increase
Type 1 (1) @ € Btu (10)-3 | Btu (10)-3 1b. 1b. 1b. 1b.
Normal White 33 .33 .9 595 — - - — S
Paint - 1 coat :
Normal White 61 .27 .9 56k 31 163 70 28 Lo
Paint - 3 coabs
Best White 6L .21 .92 533 62 326 140 28 N V=
Paint -~ 3 coabs :
Aluminum 33 .28 .22 515 80 Lo 181 Qe 181
Paint - l‘coat :
Alwminum 102 .20 .10 Ls7 138 726 312 69 2h3
Tape ‘ :
Aluminized 46 | .20 .05 452 143 753 324 13 311
Mylar Tape ‘ . 7
LMSC Optical 42 05 | .81 Bl 15k 811 3k 9 | 3o
Solar Reflec- ‘ : K : : - S
tor Paint




The alr spring system.would put to use the latent potential energy of
residual ground purge GNo to provide the separation force. ~The present
design sllows the purge gases to be vented at a rate which will minimize

the differential. pressure across the ihterstage skin. This‘idea proposes
progfamming a residual pressure at lower stage thrust decay; the severing

of the tenzsion strap at the S-IVB Aft Interstage field splice by action

of the mild detonating fuse would then initiate S-IVB/lower stage separation.
Preliminary calculations indicate that & pressure of about 3.4 psig fer the
S=IVB/V and 7.3 psig for the S-IVB/IB would be required. Lower pressures

- would be sufficient if a retainer curtein were used to contain the gas for

- & portion of the separation event.

- There are & number of advantages to this system other than weight reduction:
it would not be prone to a thrust unbalance as would happen with retro-
rocket sepafation under a "one out" situation (which is a design requirement);
it would eliminate surface finish degradation resulting from the retro-
‘rocket exhaust, this degradation may account for as much'as 800 pounds

. increased LHp boiloff and at the same time preclude or jeopardize the imple-
mentation of Item 50, which proposes a surface finish change that would
reduce boiloff by about 800 pounds; it would provide additional payload capa-
bilities due to both impulse to the stage at eeparatien and a reduction of
vehicle drag thrpugh‘removal of the retro-rocket protuberances; it would
-provide additional structural integrity, reduce acoustic loads, and provide
an inert atmosphere in the interstage which would reduce chahces of combustion

or an explosive gas mixture.

The beneficial weight savings would be the result of removing the retro--
rockets.and féirings, redesign of the sfructure because of retro-rocket
removal, and removal of structural insulation, thrust structure wire wrap,

and flame shield.curtain for the aft skirt electronics which are protection
egainst'damage fromeretro~rockets' plume impingement. The total dry‘weight

- savings is depicted in Table 3-18, The resulting net gain in payload capability
would be apfproximte]y 754 and is.zc) pounds for the S-IVB/V and S-IVB/IB,
respectively. ' | ‘

6
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TABLE 3-18

ATR SPRING SEPARATION SYSTEM WEIGHT DATA

S-IVB/IB =~ S-IVB/V

Present System T (2208) (2117)
Stage , e (B2 (12)
Retro-Rocket Impingement Curtain - 125 ) 125
Wire Wrap ' - 7 ST
Tnterstage o V o (207h) © (1985)
Attach Structure 298 + 1Lk ke 160
Retro=-Rockets o 1502 - 1502
Impingement Insulation ' | 80 , 60
Structural Beefup = S 0= o2l
Ordnance & Support Installation 50 ‘ ‘ L2
Air Spring System ~ ' ~ (45) (4s)
Stage L 0~ -0-
‘Interstage : , :
" Pressure Control System ks L5
Weight Savings | | (2261)  (2072)

3.57 Item 52 - Reliability Approach to Structursl Design Factors

The foundation of this item is the anticipsted over conservativeness of a

" design based upon an arbitrary factor of safety. Vehicle reliability is

a contractual criteria that part of the vehicle reliasbility assignable by

" math model to all structures is 399985. If, however, the presént design

factors result in a structure which is .999999... reliable, then we have

found an area for‘potential weight sévings.

Application of statistical distribution and probability of‘simulténeous
occurrance of a finite number of structural design loading influences would

establish the design criteria. Afeas for anaiysis would be the probability
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Sequence

~ o\ = W

- 10

12

13

1L

215

16

- 44

INDEX

Month

1964
November

December

1965

January.
February

March

April -

May
June

July

Auvgust

Séptember

October

November .

December

1966
January
February
March

Report Number

SM-L6345

SM-46911

SM-L6949
SMQh7026
SM-L708k4

SM=-L4T7175 .

SM§M7208
SM-h7é37
SM-47283
SM-L733k4

- SM-47369

SM-L739Lk
sM-L7h25
SM-L7495

SM-51815
SM-51859
SM-51898




Seguence

18

19
20

(Cont'd)

Report Number

SM-51358
SM-53211
DAC-56320
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